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ABSTRACT 
Open source hardware (OSH) development has been gaining 
momentum in recent years with several communities attempting 
to formalise its various aspects. One particularly promising area is 
the design of open source scientific hardware. Previous work has 
shown that the use of digital fabrication techniques has allowed 
scientists to make high-quality scientific tools for 1-10% of the 
cost of commercial proprietary equipment. Open source scientific 
hardware (and the open science movement in which it is situated) 
is part of a larger social shift characterised by open production 
methodologies, and decentralised and distributed models of col-
laboration. Design is also increasingly involved in supporting open 
production, both in terms of designing and developing technical 
infrastructures, and in terms of encouraging and sustaining pro-
cesses that promote collaboration and openness.
This paper builds on the work of open source scientific hardware 
and emerging concepts in participatory design with a focus on 
commons-based peer production. How do open production 
environments foster engagement and innovation? Can distributed 
modes of production support the design of open source scientific 
hardware? To answer these questions, a design research case 
study was undertaken to investigate the design and social impact of 
a collaboratively designed open source hardware instrument devel-
oped by Sensorica, an open value network, in collaboration with an 
academic laboratory. The project’s goal was to engage with makers 
and communities around the world in order to encourage its wider 
adoption, future evolution and continued development. 
open source hardware, commons-based peer production, 
participatory design
INTRODUCTION 
The democratisation of digital technologies and proliferation of 
open source software (Corsín Jiménez, 2014; Marttila & Botero, 
2013) has provided individuals and groups with unparalleled ac-
cess to design and production tools. Following the success of free 
and open source software (FOSS), the production of open source 
hardware (OSH) has been gaining momentum (OSHWA, 2016b; 
Seravalli, 2012, 2013) in recent years with several communities 
attempting to formalise its various aspects. These include Peer-
to-Peer (P2P) communities supporting OSH production environ-
ments through distributed communication networks (Bauwens, 
2009; Benkler, 2006); communities investigating licensing issues, 
such as the Open Hardware License (OHL); and Engineering and 
Design communities creating participatory platforms that promote 
access to, and sharing of, hardware designs and code (Corsín 
Jiménez, 2014). 
One particularly promising area is the design of open source sci-
entific hardware (Pearce, 2012; 2014). Open source scientific hard-
ware, and the ‘open science’ (Dasgupta & David, 1994) movement 
in which it is situated, is part of a larger social shift characterised by 
open production methodologies and new, decentralised models of 
collaboration – or commons-based peer production (Benkler, 2006; 
Bauwens, 2009). From data acquisition and analysis, to the open 
production of tangible instruments, open science has grown into a 
coherent set of interconnected processes, defining a new approach 
to scientific inquiry and technological development (Brastaviceanu, 
2016). In addition to lowering costs, scientific innovation benefits 
from more networked, open, and collaborative environments (Bald-
win & Hippel, 2011; Chesbrough, 2003). 
Design is also increasingly involved in supporting open pro-
duction, both in terms of designing and developing technical 
infrastructures, and in terms of facilitating and nourishing pro-
cesses that promote collaboration and openness in diverse fields 
Democratising design in scientific innovation: application of an open 
value network to open source hardware design
C
U
M
U
L
U
S
 H
O
N
G
 K
O
N
G
 2
0
16
 
 3
34
(Seravalli, 2013). From the ‘open design’ movement (e.g. Halpern 
et al., 2013; Marttila & Botero, 2013; Phillips & Baurley, 2007; 
Phillips et al., 2014; van Abel et al., 2011) to collaborative practices 
in community contexts (e.g. Björgvinsson et al., 2010; Björgvins-
son et al., 2012; Hillgren et al, 2011; Karasti & Syrjänen, 2004; Le 
Dantec & DiSalvo, 2013), an increasing number of participatory 
design scholars are shifting focus from a product design view 
toward socialised and long-term processes in open and public 
environments.
This paper builds on the work of open source scientific hardware 
(OSSH) and emerging concepts in participatory design (e.g. Björg-
vinsson, 2014; Marttila et al., 2014; Marttila & Botero, 2013; Serav-
alli, 2012, 2013) with a focus on commons-based peer production. 
How do open production environments foster engagement and 
innovation? Can open products be designed, produced and 
distributed in a sustainable way? How can decentralised modes 
of production support the design of OSSH? To answer these 
questions, the development of a collaboratively designed OSH 
project by Sensorica, an open value network (OVN) based on 
principles of commons-based peer production (Bauwens, 2009), 
and an academic laboratory will be presented. The challenges of 
this approach and lessons learned will also be discussed.
Literature review
An increasing number of scholars are commenting on the produc-
tion of open source hardware and tangible products - from social 
science perspectives (e.g. Corsín Jiménez, 2014), to processes 
(e.g. Raasch, 2011; Raasch et al., 2009) and principles (e.g. Cole-
man et al., 2014) of open design, to the production and practical 
application of open source devices (e.g. Gibb, 2014). Others have 
approached the production of open source hardware philosoph-
ically, from a commons-based peer-to-peer perspective (e.g. 
Bollier, 2009; Benkler, 2006; Benkler & Nissenbaum, 2006; Hess 
& Ostrom, 2006, 2007; Siefkes, 2012).
Located at the interstices of open source hardware, open science 
and the knowledge commons, an emerging research area is the 
production of open source scientific instruments. Proponents of 
open source scientific hardware have cited an increase in return 
on investment (ROI) and access to low-cost devices as long-term 
benefits of applying open production processes to the design and 
development of these instruments. For example, previous work 
has shown that the use of digital fabrication techniques (e.g. 3-D 
printing and laser cutting) have allowed scientists to make (and 
replicate) high-quality scientific tools for 1-10% of the cost of com-
mercial proprietary equipment (e.g. Pearce, 2012, 2014; Zhang et 
al., 2013; Baden, et al., 2014; Schausberger, et al., 2015; Mista et 
al., 2016). This approach has the potential to create tremendous 
value for the scientific community (Pearce, 2015a), as it allows rep-
lication for approximately the cost of materials (Pearce, 2015b).
Although the number of peer-reviewed studies on the production 
of open source scientific hardware has increased over recent 
years, much of the research focuses on economic value and im-
proved innovation due to customisation for specific experiments. 
However, an increasing number of scholars are also exploring 
the collaborative practices and environments in which open 
source scientific innovation takes place (e.g. Langlois & Garzarelli, 
2008; Petzel et al., 2010; Ziaie, 2014). For example, Petzel et al. 
(2010) consider how the commons can support innovation in the 
production of scientific hardware, while Baldwin and Hippel (2011) 
expound on the turn from producer innovation to user innovation 
in open, collaborative environments. 
A number of design researchers (e.g. Baek & Manzini, 2012; 
Björgvinsson, 2014; Le Dantec & Disalvo, 2013; Marttila & Botero, 
2013; Marttila, 2014; Seravalli, 2012; 2013) are also focusing on 
the shift from producer to user innovation. In addition to interro-
gating aspects of authorship, ownership, access and distribution 
rights, these scholars place emphasis on the social processes 
of design, embracing more extensive interpretations of how 
design activities are carried out. This area of research focuses on 
‘infrastructuring’ - an emerging concept in participatory design 
that represents a move from project-based design in professional 
settings toward open-ended, long-term processes in community 
contexts (Björgvinsson et al., 2010). This paper offers an inter-
disciplinary perspective on open source scientific hardware by 
applying the concept of infrastructuring to the production of an 
open source scientific instrument designed and developed within 
an open value network. Furthermore, it considers whether certain 
concepts of infrastructuring, such as open-ended and long-term 
processes, can be applied to the design of ‘useful products’ (Le 
Dantec & Disalvo, 2013) with fixed timelines.
Methodology
This study employs a design research case study approach 
to analyse the design and production of an open source solar 
scientific instrument – a photovoltaic (PV) characterisation appa-
ratus –, within an open value network. This approach supports 
the methodological traditions of participatory design, by directly 
implicating researchers in the design project, and thus makes the 
results of the research more relevant to design practitioners (Ilpo 
et al., 2011).
The data sources in this study consist of a document review of the 
design and research process, correspondence between collabo-
rators, source files of process documents and group discussions 
between the project’s major contributors (email correspondence 
and a live, recorded group discussion) - some of whom are co-au-
thors of this paper. 
Design process
Project description
The project’s goal, as outlined in a report by Meyer et al. (2015), 
was to engage with makers and communities around the world in 
order to maximise the social impact of the solar PV characterisa-
tion apparatus device (see Figure 1) as an open source scientific 
instrument, and to encourage its wider adoption, continuity, future 
evolution and continued development. The characteristics of the 
scientific instrument were designed and developed in accordance 
with open science values and principles: 
 • Open source – integration of open innovation standards,
documenting and sharing all layers of design; 
 • Shareable – portable, user friendly, and rugged, with the 
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potential to track activity and use history as a shared com-
munity asset;
 • Modular – allowing individual components to be easily 
repaired, replaced, exchanged or upgraded; a perpetual 
product; 
 • Interoperable – utilisation of common design standards to 
ensure compatibility with other devices or systems; 
 • Social – engagement and collaboration between communi-
ties of designers and communities of use to best design for 
on the ground needs; 
 • Ethical, ecological and sustainable (Meyer et al., 2015).
The design and development of the device was planned over four 
phases: Design Characteristics, Design, Prototype, and Product; 
and involved digital fabrication techniques (3-D printing) for the de-
vice itself, as well as user interface design and front-end software 
development for controlling the device.
All documented aspects of the project (e.g. project documents, 
reports, bill of materials and process videos  - see Figure 2) were 
made publically available. In addition, versions of the software 
code were stored on Github, a software repository.   The device 
design and code were distributed through an Attribution-Share-
Alike (CC:BY:SA) license, which allows anyone to remix, tweak, 
and build upon the work (even for commercial purposes), as long 
as credit is given to the original producers and new creations are 
licensed under identical terms (Creative Commons, 2016.). 
1 PV Characterisation - Prototype Demonstrated - https://www.youtube.com/watch?v=yBvEC9h71TU;   
PV Characterisation - Mechanical Design - https://www.youtube.com/watch?v=bBvL9sou5MY
2 PV Characterisation - Github Repository - https://github.com/Sensorica/PVCharacterization
Figure 1. PV characterisation. Two-axis gimbal mounting system. Image source: 
Sensorica
Figure 2. Screen capture of video of demonstration of two-axis PV characterisation 
mounting system. Source: Sensorica
Figure 3. Top right: Visualisation of contributions. Bottom: Horizontal bar graph of 
contributions per user and segmented by tasks (colour codes correspond to task 
types). Image source: Sensorica
Figure 4. Workflow chart. Image source: Sensorica
Participation and collaboration in an open value 
network
A total of eleven people from five countries participated in the appa-
ratus’ design and development, logging over 200 time contributions 
(see Figure 3) in Sensorica’s Network Resource Planning and Value 
Accounting System (NRP-VAS) – a web-based resource planner  
that distributes funds equitably amongst contributors, in proportion 
to their contributions. In addition, Sensorica created specific project 
roles for project lead, outreach, orientation, coordination and facil-
itation. Tools for collaboration included a hackpad (a collaborative 
platform), Google groups and Google Hangouts.
In addition to maximising the social impact of the device, the 
design of the solar PV characterisation apparatus also served as a 
pilot project in which to test the dynamic between an open value 
network and a classical institution (in this case, a university), using 
open production methodologies and Sensorica’s approach to 
governance. Based on principles of co-production, self-organisa-
tion, and stewardship of the commons , the premise behind OVN 
is that it allows individuals and organisations to co-create and 
aggregate value through lateral and large-scale coordination, co-
operation and collaboration. For the PV project, Sensorica created 
project governance, workflow (see Figure 4) and value equation 
agreement documents, and made them publically available.
Project Results
According to the academic partner, initial outreach was successful 
and a diverse group of Sensorica members, representing design, 
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communication, software development, and hardware devel-
opment, participated in the ideation phase. As an open source 
project, the initial design concepts (see Figure 5 for one example) 
were well documented and provide a good starting point for 
anyone (including those outside of the Sensorica network) wishing 
to explore the concepts further. To this end, Sensorica’s approach 
to ideation could benefit other projects seeking to develop a 
similar system. However, while Sensorica’s open value network is 
designed to sustain open, collaborative and decentralised modes 
of production, this approach posed some challenges with respect 
to producing and delivering the apparatus. For example, while 
there was an explosion of creative design solutions (due to the 
diverse backgrounds of participating affiliates), this also created a 
significant amount of additional work to cull the core design down 
to a single concept. 
Creating outreach and sustaining community participation were 
also a challenge, as many of the initial participants dropped out 
of the project after the ideation phase (see Figure 6 for a graph 
visualising project engagement). These two factors added to the 
difficulty of fully documenting the finalised design. Finally, accord-
ing to the academic partner, the largest challenge, and primary 
cause of the device delivery delay, was one of accountability. Any-
one could participate in the project, but at the same time, anyone 
could also stop participating. This put pressure on Sensorica’s 
support processes and resulted in some of the affiliates becoming 
overloaded with tasks, which, in turn, affected on-time delivery of 
the device.
There were issues on the academic side as well. For example, 
payments to Sensorica took a long time to process. In addition, 
3 The NRP-VAS was designed with Bob Haugen and Lynn Foster of Mikorizal Software, who did the development work in collaboration with Sensorica affiliates.
4 Open value network - http://valuenetwork.referata.com/wiki/Main_Page 
the distribution of grant funds to the academic partner was contin-
gent on the timely completion of the agreed upon milestones. The 
project team’s inability to meet deadlines diminished the amount 
of available funds for the research project, putting additional pres-
sure on Sensorica affiliates who rushed to complete and ship the 
device. Another issue involved different perspectives with regards 
to Sensorica’s role in the design and development of the device. 
For example, some individuals (at both the academic institution 
and Sensorica) characterised the academic laboratory’s rela-
tionship with Sensorica as a classical supplier-client relationship, 
while others understood the relationship as a lateral collaboration 
between stakeholders. Finally, from an epistemological perspec-
tive, the academic partner and Sensorica held slightly different 
interpretations of the concept of ‘value.’ While project participants 
on both sides agreed that the project did create value, the extent 
to which it did was subject to debate. For example, Sensorica 
members felt that the project generated a great deal of social 
value. While the project lead on the academic side agreed with 
this assessment, he felt that the project did not generate the kind 
of economic value he was hoping for.
Discussion
Analysis revealed that there was tension between the approach 
used for realising the project’s social goals and the reality of de-
signing a ‘useful system’ (Le Dantec & Disalvo, 2013). Initial project 
documents show that the academic partner had specified both 
(socially) open and (temporally) fixed project requirements for the 
design of the open source instrument. The first was well-suited to 
Sensorica’s way of working; however, the second posed a number 
of challenges from a practical perspective; namely, in applying 
principles of commons-based-peer-production to the design, 
development of an open source scientific instrument within an ac-
ademic research setting, and a specified deadline for delivery. As 
mentioned earlier, these challenges were due, in part, to retaining 
a steady number of participants throughout the project. However, 
other challenges were the result of epistemological differences 
producing differently held priorities and project expectations. 
The notion of temporal ‘completeness’ was also debated. For 
example, during the online discussion, one affiliate asserted 
that the scientific instrument should be viewed as a living, “open 
source artefact,” whose future development and improvement 
would continue beyond Sensorica. A number of participatory 
design scholars (e.g. Björgvinsson et al., 2010, Björgvinsson et al., 
2012; Ehn, 2008; Hillgren, 2011) have characterised the concept of 
temporality in design activities as a shift from product to process, 
or from specific project toward future possibilities. This type of 
approach is at odds with the way scientists typically undertake 
research projects, and, on a more practical level, with the way in 
which those projects are funded. 
In terms of value creation, proponents of comons-based-peer-pro-
duction privilege socialised aspects of the design and develop-
ment process (such as enabling future development and remixing 
of the open source designs). Design researchers found that these 
open-ended processes afford innovation outcomes that would 
otherwise be difficult to achieve with a more structured project ap-
proach, revealing new opportunities and directions (e.g. Björgvins-
son et al., 2010; Hillgren et al., 2011). However, in this particular 
Figure 5. Spherical design concept. CAD by Daniel Brastaviceanu. Image Source: 
Sensorica
Figure 6. Participant engagement over time 5
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5 There was considerable activity during the ideation phase in May and June, before the project had officially begun. As a result, the value equation for the project had not yet been entered into 
the accounting system. The visual representation of this activity on in Figure 6 was compiled by analysing electronic correspondence between project participants in May and June 2015.
case, the academic partner was concerned with short-term 
practical goals as determinants of value, such as limiting both 
production costs and time. Each of these project perspectives is 
typically served with a different approach to design. 
Le Dantec and Disalvo (2013) have characterised the differences 
between these design approaches as ‘design as infrastructuring’ 
(or ‘design-for-future-use’), and design of a practical or useful 
system, or ‘design-for-use.’ However, although these authors 
demonstrate that there are inherent differences between infra-
structuring as a design approach (one that opens up possibilities 
toward future applications of a design), and design-for-use (an 
approach that “narrows possibilities through practical design 
moves”) (Le Dantec & Disalvo, 2013, 257), they also argue that 
the two can complement one another. In the context of this study, 
there is an opportunity to reconcile socialised and open-ended 
processes taking place within an open value network with product 
oriented goals, by using an integrated design approach - one that 
address both future possibilities and current conditions. Recom-
mendations for future development are discussed below.
Lessons Learned / Recommendations for Future 
Development
A number of project participants shared their recommendations 
for improving OSH production processes within an open value 
network. These can be classified in the following categories: 
workflow; participatory design and ‘value’; and engagement. The 
goal is to expand upon these ideas, apply them to a future project, 
and evaluate them. 
1) Workflow
Stakeholders and participants had different ideas about how to 
prioritise project objectives (socially open versus temporally fixed 
production goals). Recommendations: 
 • Establish clear criteria for project objectives and expectations. 
What kind of project is it (e.g. a work in progress, a working 
prototype, a finished product)? What are the short-term deliv-
erables and deadlines? What are the future applications and 
to what extent should these be addressed?
 • Develop and implement project onboarding. Sensorica 
should work toward helping partner institutions / stakehold-
ers understand OVN principles so that everyone involved has 
an understanding of the environment in which they will be 
participating.
 • Create a central location for documentation and commu-
nication so that existing and new members can access pro-
ject documents, email threads, decisions, etc. 
 • Create a dedicated budget for the position of ‘project lead(s)’ 
with a clear outline of responsibilities. Tasks could include 
ensuring that all project milestones and deliverables are met; 
verifying that all product build steps are well documented and 
easy to follow; and coordinating meetings and other activities 
with both the project team and partner institution. As this role 
is time intensive, a rotating project lead role is recommended.
2) Participatory Design and ‘Value’
A surge of engagement during phase 1 allowed Sensorica to 
innovate but not to ‘complete’ the project as expected. In short, 
product innovation did not result in the kind of value the academic 
partner was looking for. In order to improve project engagement, 
and manage expectations, the following recommendations could 
be implemented: 
 • Establish project outcomes with respect to a mutually 
held understanding of what ‘value’ means (by addressing 
both future possibilities and current needs) at the onset of 
each project.
 • Implement lean design practices and tools for collaboration 
to meet short-term production goals. Just as network 
governance documents and project-specific value equations 
are the guiding principles of each project, establishing a set 
of design and production processes (that address product 
‘value’) is critical. 
 • Create a budget for testing and product support for open 
source hardware products that are required to work ‘out of 
the box.’ 
 • Define how the project will evolve over time by addressing 
future work, dissemination of results, and next steps.
3) Engagement
Over time, there was a loss of momentum and a drop in engage-
ment. Participants in the discussion agreed that incentives alone 
were not enough and that some form of accountability must be 
developed to ensure on-time completion of tasks to which mem-
bers of the project team had committed. Recommendations:
 • Revisit governance and implement system of accountability. 
Sensorica has been talking about creating a reputation 
system for tracking commitments, however, this is currently 
a work in progress and requires careful thought and further 
discussion.
 • Develop R&D processes for OVN with the goal of improving 
engagement, project commitment and ‘ownership.’
 • Develop tools that measure engagement (both qualitatively 
and quantitatively) in order to better understand engagement 
patterns. 
While some of these recommendations are considered standard 
practice in classical institutions and professional settings, they 
provide a starting point for developing a more formalised design 
process to guide self-organised project teams in meeting short-
term production goals within an open value network.
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Conclusion
Overall, the PV characterisation project provides a good example 
for enabling open source hardware design by an open value net-
work. The varied and highly original designs were made possible 
by an open call for participation and address the social objectives 
of the project. While this brought valuable social and intellectual 
capital, a more streamlined mechanism is needed to better meet 
the short-term production needs of academically funded OSH 
projects. Once these systems are put into place and evaluated, 
Sensorica’s approach to commons-based peer production can 
be scaled and applied to the development of other open source 
scientific hardware projects.
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